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MEASURING MACHINE 

\ 

BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 
5 The present invention relates to a measuring machine. More specifically this 

invention relates to a measuring machine comprising a base, a guide rail provided on the 
base with a guide surface thereon, and a movable body slidably provided via an air 
bearing device on the guide surface of the guide rail. 

1 0 2. DESCRIPTION OF RELATED ART 

Surface texture measuring machines for measuring surface texture such as 
dimension and profile of the object to be measured have been known. As a representative 
example of such a surface-texture measuring machine, the known one is three-dimensional 
measuring machine (refer to, for instance, Japanese Patent Laid-Open Publication No. 

15 2000-65571). Of the three-dimensional measuring machines as described above, there is 
one in which a gauge head thereof moves in one horizontal direction (X-axial direction) 
and in direction of gravitational force vertical to the X-axial direction (Z-axial direction), 
and further a table with an object to be measured placed thereon moves along a guide rail 
provided on the base in the Y-axial direction perpendicular to the X-axial direction and to 

20 the Z-axial direction to measure three-dimensional data of the object to be measured. 

In the three-dimensional measuring machine as described above, cast metal is 
used for the base and table to minimize changes due to aging. For the guide rail, 
stainless steel is used to prevent rust. As shown in Fig. 4, for instance, a guide rail 92 
made of stainless steel is provided on a base 91 for rust prevention. 

25 In the three-dimensional measuring machine based on the conventional 

technology as described above, it is necessary to assemble the guide rails each 
manufactured as a discrete component on the base by tightening with screws, which 
disadvantageously requires a number of steps in the manufacturing process and high cost. 
In addition, because of difference in materials for the base 91 and for the guide 
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rail 92, the bimetal effect occurs due to the fine difference of the hnear expansion 
coefficients between the two tjq^es of materials, which disadvantageously causes 
performance degradation such as deviation in measurement. 

5 SUMMARY OF THE INVENTION 

It is a primary object of the present invention to provide a measuring machine 
enabling simplification of the structure and insuring stability of the base against changes 
in temperature as well as stability of the guide surface against changes due to aging. 

The present invention provides a measuring machine comprising a base, a guide 
10 provided on the base and having a guide surface, and a movable body slidabiy provided 
via an air bearing device on the guide surface of the guide rail, and the guide rail is formed 
monolithically with the base, and a coating for rust prevention is formed on the guide 
surface. 

Herein the base indicates a member and a structural body slidabiy supporting the 
1 5 movable body. 

With the present invention, as the guide rail is monolithic with the base, after the 
base is manufactured, it is not necessary to mount a guide rail formed as a discrete 
member on the base. Therefore, a nimiber of steps in the base manufacture process and 
its manufacturing cost can be reduced, which enables improvement in the efficiency of the 
20 base manufacturing process. 

Further as the base and guide rail are formed in the monolithic state, the same 
material is used for the both components. Because of this feature, it is possible to 
prevent the bimetal effect which occurs when members made of different materials each 
having a different expansion coefficient respectively are jointed to each other. Because 
25 of this feature, deformation of the base is suppressed and stability of the base against 
changes due to aging is insured. 

Further a coating for rust prevention is formed on a guide surface of the guide rail. 
Sometimes, cast metal is used as a material for the base to keep the stability of the base 
against changes due to aging, but rusting may occur on the cast metal. When rust is 
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formed on the guide surface, not only the guide surface changes in its form and state, but 
also the sliding movement of the movable body guided by the guide surface becomes 
instable. Therefore, by forming the coating for rust prevention on the guide surface, 
rusting on the guide surface can be prevented, thereby the form and state of the guide 
5 surface can be preserved, and the stability of the movable body during the sliding 
movement against changes due to aging can be insured. 

In addition, as the movable body slides via an air bearing device, vibration 
generally caused in association with the sliding movement can be suppressed. 

In the present invention, preferably the coating is made of ceramics. 
10 With the present invention as described above, as the ceramic coating is formed 

on the guide surface, the excellent surface roughness can be realized. Namely, as 
ceramics is coated on the guide surface, a homogeneous and flat guide surface without any 
irregularity can be formed. Because of this feature, the air gap formed by air outputted 
from the air bearing between the movable body and the guide surface can always be kept 
15 in the stable state. Further the guide surface from which air is outputted is flat, so that 
the air pressure generated by the air bearing can be maintained at a constant level. 
Therefore, the sliding movement of the movable body by the air bearing can be stabilized. 

Further the ceramics includes the material having such properties as the 
anti-corrosion property and heat resistance property. By coating the guide surface of the 
20 guide rail \nth the material as described above to form a ceramic firm thereon, the ftirther 
improved anti-corrosion property and heat-resistance property can be provided. 

In the present invention, the coating film is preferably formed by means of 
plasma spray coating. 

With the present invention as described above, it is possible to prevent the 
25 coating film from separating from the guide surface. Namely, by means of plasma spray 
coating, strong binding forces between particles forming the coating film and between the 
particle and the material can be obtained. Therefore, adhesion between the coating film 
and the base can be strengthened, so that separation of the coating film can be prevented. 

Further by raising the plasma output during the plasma spray coating, the 



4 



adhesion efficiency of the particles can be improved, and it is possible to reduce the 
porosity and raise the Vickers hardness on a cross section of the coating film. Because of 
this feature, it is possible not only to form a homogeneous coating film with low porosity 
and no irregularity, but also to raise the hardness of the coating film. Therefore, as a 
5 homogeneous and flat surface with high hardness can be formed with a coating film 
formed on the guide surface, the sliding movement of the movable body guided by the 
guide surface can be stabilized. 

Theoretically there is no upper limit for temperature of gas plasma used for 
plasma spray coating. Therefore the freedom in selection of a material for spray coating 
10 to form a coating film can be increased. 

BRIEF DESCRIPTION OF THE INVENTION 

Fig. 1 is a schematic perspective view showing a three-dimensional measuring 
machine according to an embodiment of the present invention; 
1 5 Fig. 2 is a schematic perspective view showing a base in the embodiment above; 

Fig. 3 is a front view showing a portion of the base and a table in the embodiment 

above, and 

Fig. 4 is a schematic perspective view showing a base and a guide rail in a 
three-dimensional measuring machine based on the conventional technology. 

20 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S) 
An embodiment of the present invention is described below with reference to the 
related drawings. 

Fig. 1 shows a three-dimensional measuring machine according to the present 
25 invention. 

In this figure, a three-dimensional measuring machine 1 comprises a base 2 
having a Y-axial guide section 21, a bridge type column 3, a slider 4 having a probe (not 
shown) as a measuring element, and a table 5 constituting a mount surface 51. 
Configuration of the base 2 is described in detail below. 
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The bridge type column 3 is formed in the erecting state on a top surface of the base 2. 
The bridge type column 3 is used to move the slider 4 back and forth in the lateral 
direction of the three-dimensional measuring machine 1 , namely in the X-axial direction 
indicated by the sign X in Fig. 1. The bridge type column 3 has two columns 31, an 
S X-axial guide section 32, and a slider driving mechanism 33. 

The two columns 31 form a leg section of the bridge type colvimn 3, and are 
provided in the substantially vertical state at two edge sections in the lateral direction of 
the top surface of the base 2 at substantially central positions in the longitudinal direction 
thereof respectively. Provided on top ends of these columns 31 is the X-axial guide 
10 section 32 spanning in the substantially horizontal state between these two columns 31. 
The X-axial guide section 32 is used to guide the slider 4 in the X-axial direction, and is 
formed with a substantially rectangular cast metal member with the dimension in the 
lateral direction (X-axial direction) larger than the dimension in the height (Z-axial 
direction). 

15 Provided on a top surface of the X-axial guide section 32 is the slider driving 

mechanism 33 used to move the slider 4 in the X-axial direction. The slider driving 
mechanism 33 have a driving mechanism (not shown in the figure and comprising a motor, 
a pulley, a belt and the like), an X-axial guide shaft 331, and a fixed section 332. The 
X-axial guide shaft 331 is used to deliver a driving force from the driving mechanism to 

20 the slider 4, while the fixed section 332 is used to support the X-axial guide section 331 on 
a top surface of the X-axial guide section 32 so that it can freely rotate in the axial 
direction. 

The slider 4 comprises a probe (not shown in the figure), and moves the probe in 
the vertical direction, namely in the Z-axial direction indicated by sign Z in Fig. 1 . The 
25 slider 4 comprises, in addition to the probe, a slider main body 41, a spindle 42, and a 
probe head 43. 

The slider main body 41 is covered with a casing made of steel. Attached to a 
lower edge of the slider main body 41 is a spindle 42 together with the driving mechanism 
(not shown) so that it can freely move in the Z-axial direction. Provided at a tip of the 
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spindle 42 is a probe head 43 for attaching the spindle 42 to the probe. The probe head 43 
has the configuration in which various types of probes can be attached thereto. Further 
the probe head 43 is dismountably attached thereto so that it can be replaced with a new 
one, if necessary. It is to be noted that the probe attached thereto may be either of the 
5 contact type or of the non-contact type. 

The table 5 is a substeuitially rectangular-shaped cast metal member with a rib 
formed inside thereof and a moimt surface 51 for moimting an object to be measured 
formed on a top surface thereof. The table 5 is places on the base 2, and slides on the 
base 2 in the longitudinal direction of the three-dimensional measxiring machine 1, namely 

10 in the Y-axial direction indicated by the sign Y in Fig. 1. Configuration of the table 5 
and arrangement of the table 5 on the base 2 are described in detail hereinafter. 

Fig. 2 shows the base 2 of the three-dimensional measuring machine 1 . 
The base 2 plays a role as a basement for the three-dimensional measuring 
machine 1 , and is made of cast metal the main ingredient of which is iron. In this figure, 

15 the Y-axial guide section 21 monolithically cast with the base 2 is provided on the top 
surface of the base 2. The Y-axial guide section 21 is used to guide sliding movement of 
the table 5 in the Y-axial direction indicated by the sign Y in Fig. 1 , and comprises two 
rails 211 each having a substantially concaved form and extending in substantially parallel 
to the longitudinal direction (Y-axial direction) of the base 2. 

20 A guide surface 212 for guiding the sliding movement of the table 5 is formed on 

each of the rails 211. The guide surfaces 212 are provided on top surfaces of the rails 

211 as well as on side faces of the rails 21 1 opposing to each other. The guide surface 

212 is coated with ceramics to form a coating film. Namely, the guide surface 212 is 
coated with the ceramics by means of directly plasma spray-coating the ceramics onto the 

25 cast metal member as a material for the guide surface 212. The plasma output for 
coating is set at a high level, which insures the higher adhesion efficiency of the ceramic 
material to the guide surface 212. Any ceramic material having the rust-preventing 
effect, anti-corrosion property and heat resistance property may be selected and used for 
this purpose. In this embodiment, alumina-based ceramic material is used, but other 
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materials may also be used for this purpose. 

Fig. 3 is a front view showing a portion of the base 2 and the table 5. 

In this figure, the table 5 comprises a central portion 52 extending downward and 
formed at a center of the table 5, and overhanging sections 53 formed at both edges of the 
5 table 5 in the lateral direction thereof (X-axial direction), and these sections form a 
substantially T-shaped form when viewed from a front side of the three-dimensional 
measuring machine 1 . 

The table 5 is provided so that a side face of the central portion 52 and bottom 
faces of the overhanging sections 53 face against the guide surface 212. A plurality of 
10 air bearings 54 are provided on the side face of the central portion 52 and on the bottom 
faces of the overhanging sections 53, and these air bearings 54 slidably support the table 5, 
and also suppress friction and vibration. 

In the present embodiment, the Y-axial guide section 21 is monolithically formed 
with the base 2, Because of the feature, it is not necessary to attach the Y-axial guide 
15 section 21 as a discrete member to the base 2. Therefore a number of steps in the 
manufacture process and the production cost can be reduced and the efficiency in 
manufacturing the base 2 can be improved. 

Further as the base 2 and the Y-axial guide section 21 are formed monolithically, 
a material for the base 2 is the same as that for the Y-axial guide section 21. Because of 
20 this feature, the deformation of the base 2 due to the bimetal effect caused by difference in 
the linear expansion coefficient can be eliminated. Therefore, deformation of the base 2 
can be prevented, the stability of the base 2 against changes due to aging can be insured 
and the measurement precision of the measuring machine can be improved. 

The guide surface 212 of the Y-axial guide section 21 is coated with ceramics 
25 having the rust-preventing effect. Therefore, rusting of the guide surface 212 can be 
prevented, and the stability of the table 5 sliding under guidance by the Y-axial guide 
section 21 against changes due to aging can be insured. 

Further the table 5 slides via the air bearings 54, so that vibration of the table 5 
caused by its sliding movement can be suppressed. 
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In the present embodiment, a ceramic coating film is formed on the guide surface 
212, so that the guide surface 212 is formed into a homogenous and flat surface without 
irregularities. Because of this feature, an air gap generated by air outputted from an air 
pad of the air bearing 54 and formed between the air pad and the guide surface 212 can 
5 always be kept in the stable state. Further as the guide surface 212 is a flat surface, the 
air pressure from the air bearing 54 can always be kept in the constant state. Therefore, 
the sliding movement of the table 5 via the air bearings 54 can be stabilized, which insures 
the improved straightness precision in measurement. 

Further as the titania-based ceramic material allowing to realize anti-corrosion 
10 property and heat resistance property is used, so that the anti-corrosion property and heat 
resistance property of the guide surface 212 can further be improved. 

In the present embodiment, the guide surface 212 is coated with ceramics by 
means of plasma spray coating, so that adhesion between the coating film and the guide 
surface 212 can be enhanced. Therefore, separation of the coating film from the guide 
1 5 surface 212 can be prevented. 

Further as the plasma output is large, the efficiency in adhesion of the ceramic 
material to the guide surface 212 can further be improved, and a homogenous coating film 
with the low porosity can be formed. Therefore, a homogeneous and flat surface is 
formed with the coating film formed on the guide surface 212, so that the sliding 
20 movement of the table on the guide surface 212 can be stabilized. In addition, the 
hardness of the coating film formed as described above can be raised, so that the stability 
of the coating film and the Y-axial guide section 21 against changes due to aging can be 
insured, which also contributes to realization of stable sliding movement of the table 5. 

Further, it is possible to spray-coat a material with the high melting point, so that 
25 the material is not limited to the titania-based ceramic material used in this embodiment, 
and other materials may be selected for this purpose. Therefore, the freedom in selection 
of the coating material can be increased. 

The present invention is not limited to the embodiment above, and modifications 
and improvements within a scope in which the object of the present invention can be 
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achieved are included in this invention. 

In the embodiment described above, the guide surface 212 of the Y-axial guide 
section 21 is coated with a ceramic material by means of plasma spray-coating, the present 
invention is not limited to this coating method but can be other methods such as, for 
5 instance, the flame spraying, arc spraying, and laser spraying. Incidentally, when the 
plasma spray-coating method is employed, as the range of selectable ceramic materials is 
large, the ceramic material can be selected from among a nvimber of candidate ceramic 
materials for use. Further separation of the ceramic coating can be prevented, which 
provides various effects including insured stability of the coating film. 

10 In the embodiment described above, the titania-based ceramics is used as the 

ceramic material, but the present invention is not limited to this material. Namely, any 
ceramic material may be used on the condition that the coating film formed by means of 
coating with the material provides the rust prevention effect. For instance, such ceramic 
materials as zirconia-bsised, alumina-based, stainless steel-based, muUite-based, and 

15 magnesia-based ceramic materials may be employed for this purpose. 

In the embodiment described above, the guide svirfaces 212 are formed on top 
surfaces of the rails 211 and side faces of the two rails 211 facing to each other, but the 
present invention is not limited to this configuration. For instance, the guide surfaces 
212 may be formed on the top surfaces as well as on extemal side faces of the rails 211 

20 respectively, and in this case, it is required only that the coating film is formed on each of 
the guide surfaces 212. Further, in this case, the configuration is allowable in which each 
of the overhanging sections 53 of the table 5 has a concaved form opening downward, the 
table 5 is placed to cover the rails 211, and the air bearings 54 are provided on a surface 
opposite to the guide surfaces 212 of the rails 211. With this configuration, resistance 

25 and vibration during the sliding movement of the table 5 can be suppressed without fail. 

In the embodiment described above, the base 2, table 5, and X-axial guide section 
32 are made of a cast metal, but the present invention is not limited to this material, but 
can be other materials such as steel, porphyry, or the like. Incidentally, when the base 2, 
table 5, and X-axial guide section 32 are manufactured with cast metal, as cast metal 
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changes little due to aging, deformation of the base 2, table 5, and X-axial guide section 
32 can be prevented even if the components are used for a long period of time. Further, 
the stability in the sliding movements of the slider 4 and table 5 can be insured against 
changes due to aging. 

5 In the embodiment described above, measurement in the Y-axial direction of an 

object to be measured is performed by sliding the table 5 with the object placed thereon in 
the Y-axial direction, but in this invention, the configuration is allowable in which the 
table 5 is fixed and measurement is performed by sliding the bridge type column in the 
Y-axial direction. In this case, the bridge type column 3 may be slid along the Y-axial 
10 guide section 31 provided on the base 2. Incidentally, when the table 5 can slide in the 
Y-axial direction, vibration and a measurement deviation can be suppressed to smaller 
ones as compared to the case where the bridge type column 3 having a larger weight is 
moved. 

In the embodiment described above, the three-dimensional measuring machine 1 
15 has the bridge type column 3, but the present invention is not limited to this configuration, 
and is applicable to a three-dimensional measuring machine having a single arm column 
or the like. Description of the embodiment above assumes use of a three-dimensional 
measuring machine, but the present invention is not limited to this configuration, and the 
present invention may be applicable to other types of measuring machines such as an 
20 image measuring machine. Namely, the present invention can be carried out by using any 
type of three-dimensional measuring machine so long as the measuring machine 
comprises a base and a guide rail. 

Description of the embodiment above assumes the case where the rails 211 are 
provided on the base 2 which is a basement section of the three-dimensional measuring 
25 machine 1 and a coating film for rust prevention is provided on each of the rails 211, but 
the present invention may be applied to other types of bases and guide rails. Namely, the 
present invention may be applied to a member and a structural body on which guide rails 
for guiding a movable body are provided. For instance, the similar guide rail is provided 
also in the X-axial guide section 32 and the slider 4 is movably supported thereon by an 
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air beeiring device, although the configuration is not described nor shown, hi this case, 
the present invention can be employed for the X-axial guide section 32 and the guide rails 
as a base for the slider 4 which is a movable body. 

. In the embodiment described above, the configuration is allowable in 
5 which the three-dimensional measuring machine 1 is connected to a computer or the like, 
and measurement of an object to be measured is performed under control by the computer 
or the like. 



